Fluconazole pharmacokinetics, including absolute bioavailability, were determined for one group of controls (n ‫؍‬ 10) and two groups of people with human immunodeficiency virus ( ؉ T-cell counts (P ‫؍‬ 0.01). This study has shown that some differences do exist between the pharmacokinetics of fluconazole in people with HIV infection and those in noninfected controls.
Fluconazole, a bis-triazole drug, is useful for the treatment and prophylaxis of superficial and systematic fungal infections, which predominantly affect immunocompromised individuals (14, 15) . Such infections, in particular candidiasis and cryptococcal meningitis, are common in people infected with the human immunodeficiency virus (HIV), especially as immune function deteriorates (17) . Specific pharmacokinetic properties contribute to the therapeutic utility of fluconazole (9) . For example, a low level of protein binding allows high concentrations of drug to cross the blood-brain barrier, making it useful for the treatment of central nervous system infections, and a long half-life enables administration only once or twice daily.
Despite widespread use of fluconazole in the treatment and prophylaxis of these fungal infections in people with HIV infection, dosage regimens have been designed on the basis of pharmacokinetic data derived from studies with healthy subjects (9) . There are a number of reasons for examining the pharmacokinetics of fluconazole in people with HIV infection, a group likely to receive the drug therapeutically, to determine whether individualization of the dosage could be used to optimize therapy.
There have been suggestions that the pharmacokinetics of ketoconazole, another imidazole antifungal drug, may be dose dependent (8) . Recently, similar suggestions have been made about the pharmacokinetics of another imidazole, itraconazole (2) . Nonlinear pharmacokinetics make accurate dosage prediction difficult, since concentrations in plasma increase disproportionately with dose.
Since HIV infection can affect the physiology of many organ systems (4, 12) , changes in drug disposition in this group could occur, indicating a need for revision of dosage regimens. To date, changes in the disposition of some substances, including folic acid (16) and clindamycin (13) , have been reported. It has been reported that the absorption of ketoconazole is decreased in the presence of a high gastrointestinal pH (3, 8, 20) , a condition which can occur in people with HIV infection because of achlorhydria, although this does not appear to occur with fluconazole (3).
One paper described the bioavailability (of a tablet formulation) and pharmacokinetics of fluconazole in people with AIDS (11) . Single 100-mg intravenous and oral doses of fluconazole were administered. Pharmacokinetic parameters were compared and were found to be similar to those obtained from population data from previous studies with healthy subjects (historical controls). A concurrent control group was not included. Data from another recent pharmacokinetic study indicated that fluconazole clearance was lower in AIDS patients than in healthy volunteers following administration of single 100-mg intravenous dose of fluconazole (22) . A comprehensive study, involving administration of intravenous and oral doses of different sizes to people with HIV infection and to concurrent control subjects, was warranted to address unresolved issues about the disposition of fluconazole in an identifiable group of people likely to receive the drug as therapy.
The aims of this study were therefore to (i) investigate the pharmacokinetics of fluconazole in people with HIV infection at different doses to determine any nonlinearities in the dis-position of the drug, (ii) determine the absolute bioavailability of three different doses of fluconazole in people with HIV infection, (iii) evaluate any changes in the pharmacokinetic parameters of fluconazole with different stages of HIV infection, and (iv) compare these parameters with those obtained for a concurrent control group without HIV infection.
MATERIALS AND METHODS
Subjects and study design. The pharmacokinetic parameters of fluconazole, including the absolute bioavailability of the commercially available capsule formulation (Diflucan; Pfizer Pty Ltd), were determined for three different subject groups. Group A consisted of volunteers with HIV infection and a CD4 ϩ T-cell count of less than 200 cells per mm 3 . Group B consisted of volunteers with HIV infection and a CD4 ϩ T-cell count of greater than 200 cells per mm 3 . Group C consisted of volunteers without HIV infection.
The CD4 ϩ T-cell count was chosen as a marker of disease progression to differentiate two groups at different stages of HIV infection. It is generally thought that those with CD4 ϩ T-cell counts of lower than 200 cells per mm 3 are at higher risk of opportunistic infection. This surrogate marker of disease progression is commonly used in therapeutics (e.g., for decisions about commencement of or changes to antiretrovirus therapy).
Inclusion in the study was restricted to males between the ages of 18 and 50 years with a body mass index {weight [kilograms]/(height [meters]) 2 } within the range of 18 to 26 (1) . Subjects were judged to be fit for participation on the basis of a normal physical examination and clinical chemistry test results, including liver function tests (acceptable if less than twice the normal ranges, i.e., Ͻ60 IU of gamma glutamyltransferase and alanine aminotransferase), full blood count (acceptable if all hematological parameters were within the normal quoted hospital ranges), and serum creatinine (acceptable if creatinine clearance, estimated from serum creatinine concentration by the formula of Cockcroft and Gault formula [7] , was greater than 3 liters/h). Liver function tests were repeated at the conclusion of the study. Volunteers in group C had an HIV screen, with full counseling, to ensure that they had not been exposed to the virus. CD4
ϩ T-cell counts were determined for all subjects in groups A and B before the study was begun.
The study protocol was approved by the Research Ethics Committee of St. Vincent's Hospital, Darlinghurst, Australia. Written informed consent was obtained from each subject prior to participation.
Each subject was scheduled to receive four separate doses of fluconazole (Diflucan); three doses were oral (one 50-mg capsule, one 100-mg capsule, and four 100-mg capsules), and one dose was intravenous. The size of the intravenous dose (either 50, 100, or 400 mg) that a subject received was randomly allocated within each group by using a random number generator on a calculator. The order of dosing (intravenous or oral) and the order of the oral doses were similarly randomly allocated. These random dosing sequences were drawn up for each group before the study commenced, and subjects were sequentially assigned a number (e.g., A1 and A2, etc.) upon entry into the study.
The intravenous doses were administered at a constant infusion rate of 200 mg/h (i.e., over 0.25, 0.5, or 2 h, depending upon the dose). The infusion bottle(s) and all equipment used for administration were weighed before and after dose administration to calculate the exact dose given. The time between each dose was at least 2 weeks to ensure an adequate washout period.
All subjects fasted (no food or fluid) from 2200 on the day prior to drug administration. An indwelling venous cannula was sited on the day of drug administration (in the arm opposite to that used for the infusion when the subject was to receive fluconazole intravenously). One venous blood sample was taken prior to dosing (to ensure that no drug or interfering substance was present initially), and then 5-ml samples were collected at approximately 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, and 10 h after oral dosing, or after commencement of the infusion, from the indwelling cannula. Blood samples (5 ml) were subsequently collected by individual venipuncture at 24, 32, 48, 72, 96, 120, and 168 h after dosing. All samples were collected into vacuum tubes containing EDTA, without a gel separator layer (Vacutainer; Becton Dickinson, Sydney, Australia), and centrifuged for 10 min prior to harvest of the plasma. The plasma samples remained frozen at Ϫ20ЊC until the time of analysis.
The collection of urine was optional. Those volunteers agreeing to participate in this part of the study were asked to empty the bladder immediately prior to drug administration. An aliquot of this sample was collected to ensure that no drug or interfering substance was present initially. Individual void collections were made during the first 10 h after dose administration, with 24-h collections carried out for the remainder of the week. The sample volumes and voiding times were accurately recorded.
Determination of fluconazole concentration. Concentrations of fluconazole in plasma and urine samples were determined by using a gas-liquid chromatographic method (10) , with the following modifications. The internal standard used was another triazole, UK 48134 (Pfizer Central Research, Sandwich, United Kingdom), and the gas-liquid chromatograph used was a model 3400 from Varian Instruments (Frenchs Forest, New South Wales, Australia). The column was DB-5 (15 m by 0.53 mm [internal diameter] by 1.5 m) (J&W Scientific, Folsom, Calif.). The oven temperature was 200ЊC, the injector temperature was 260ЊC, and the detector temperature was 285ЊC. The makeup gas flow rate was 175 ml/min, with a linear carrier gas (nitrogen) velocity of 45 cm/s. The volume of sample injected was 3.0 l, and the split injection mode was used, with a split ratio of 20:1.
To 500-l samples of plasma, in screw cap glass tubes, were added 500 l of carbonate buffer (pH 9.0), the internal standard, and 2.0 ml of chloroform. The mixture was shaken for 10 min and then centrifuged for 10 min at 3,000 rpm (Clements GS 200 centrifuge). The upper phase (inorganic) was removed and discarded, and the remaining organic phase was transferred to a glass centrifuge tube and evaporated to dryness at a temperature of 38ЊC. Samples were resuspended by addition of a drop of chloroform followed by 200 l of methanol and then vortexed before being transferred to autosampler vials for injection. The retention times of fluconazole and the internal standard were 2.4 and 4.3 min, respectively.
The recovery of fluconazole by use of this modified method was 89, 89, and 91% at concentrations of 0.5, 2, and 10 mg/liter, respectively. The recovery of the internal standard was 88%. The limit of quantitation of the assay was 0.1 mg/liter. Within-run coefficients of variation were less than 6% at plasma drug concentrations of between 0.5 and 10 mg/liter (n ϭ 3 at each of four concentrations). Two standard curves were used for fluconazole concentrations of 0.2 to 2 mg/liter and 2 to 20 mg/liter; the amounts of internal standard added were 0.8 and 8 g, respectively. Concentrations of fluconazole in the study samples were calculated from the peak area ratios (fluconazole to internal standard) and interpolation from a freshly extracted standard curve.
The following criteria were used to determine whether an assay run was accepted: a coefficient of determination (r 2 ) of greater than 0.98 and two of three quality control samples (concentrations of 0.8 or 8 mg/liter, depending on the standard curve) within Ϯ10% of the nominal value. For a concentration result to be accepted, the coefficient of variation of two duplicate extractions had to be less than 10%. Samples were reassayed if any criteria were not satisfied.
Pharmacokinetic analysis. Nonlinear least-squares analyses were used to fit single-exponential elimination equations to the plasma concentration-time data (each point weighted with the reciprocal of concentration squared) by using Minim (version 2.0) on a Macintosh computer. A single-exponential elimination equation was chosen in preference to a biexponential elimination equation on the basis of Akaike's information criteria (21) . The information criteria were lower for the single-exponential fits, indicating that nothing was added to the model by inclusion of further exponentials. Most previous studies have used single-exponential equations to describe elimination (for a review, see reference 9). One group has used biexponential equations (11) , but the estimated half-life from the central compartment of the model was less than 1/4 h (mean intercompartmental clearance of 85 liters/h and mean volume of central compartment of 25 liters after intravenous dosing), compared with a terminal elimination half-life of around 40 h. This rapid phase would be very hard to model.
Following intravenous dosing, the parameters of the equation C ϭ A ⅐ e Ϫk ⅐ t , where C is the plasma fluconazole concentration measured at time t after the end of the intravenous infusion and k is the elimination rate constant, were estimated. A first-order input was used with the following single-exponential elimination to describe disposition after oral dosing: C ϭ A ⅐ e Ϫk ⅐ t Ϫ B ⅐ e Ϫka ⅐ t , where C is the plasma fluconazole concentration measured at time t after the oral dose, k is the elimination rate constant, and k a is the absorption rate constant. Estimations of half-life (t 1/2 ) were obtained from the fitted equation t 1/2 ϭ ln 2/k. Areas under the plasma concentration-time curves (AUCs) and areas under the first moments of the curves (AUMCs) were obtained from the plasma concentration-time data by using the linear trapezoidal rule, with an extrapolation to time infinity.
Noncompartmental pharmacokinetic parameters of fluconazole were characterized. The absolute clearance (CL) of fluconazole after an intravenous dose (D iv ) was calculated from the equation CL ϭ D iv /AUC iv . The volume of distribution at steady state (V ss ) was estimated from the equation
The renal clearance (CL R ) was calculated from the equation CL R ϭ C UR ⅐ V UR /␦ ⅐ C mdpt , where C UR is the fluconazole concentration in urine, V UR is the volume of urine collected over the time interval ␦, and C mdpt is the plasma fluconazole concentration at the time closest to the midpoint of the urine collection interval.
The maximum concentration after oral dosing and the time to achieve this concentration were obtained from inspection of the plasma concentration-time data.
The fraction of an oral dose of fluconazole absorbed (F) was calculated from the equation absorbed, maximum concentration, and time to maximum concentration) were compared by analysis of variance for the three groups of subjects and at the three different doses to investigate any differences in absorption either with HIV infection at different stages or with fluconazole dose. The null hypothesis that there is no difference in the pharmacokinetics of fluconazole in people with HIV at two different stages of infection and in noninfected individuals was tested by comparing total clearance, renal clearance, volume of distribution, and half-life estimates between the three groups by using analysis of variance. Correlation coefficients were determined by linear regression analyses, except for the correlation between maximum concentration and dose, which was determined by using Spearman's rank order correlation. One-factor analyses of variance were performed with the Statview package on a Macintosh computer. Comparisons of pairs of groups were performed by using unpaired Student's t tests. Differences were considered statistically significant if P was Ͻ 0.05.
RESULTS
The demographics of the subjects in the three groups are shown in Table 1 . Weight, body mass index, and creatinine clearance were similar for all three groups (P Ͼ 0.05). Subjects in the two groups with HIV infection were significantly older than those without infection (P Ͻ 0.05 for group A versus group C and for group B versus group C), but there were no significant differences in the mean ages of the subjects within these two groups (P Ͼ 0.05 for group A versus group B). Most subjects in groups A and B were taking a range of other medications, which are also shown in Table 1 .
Investigation of nonlinearities in fluconazole pharmacokinetics.
There was no evidence of nonlinearities in the disposition of fluconazole in any subject group. The AUCs following intravenous doses of fluconazole increased in proportion to dose in all three groups of subjects (r ϭ 0.931; P ϭ 0.0001). Indeed, the AUCs following all doses, oral and intravenous, increased in proportion to dose (Fig. 1) (r ϭ 0.926; P ϭ 0.0001). The maximum concentrations after oral dosing also increased proportionally with dose ( Fig. 2) (r ϭ 0.958, P ϭ 0.0001). There were no trends in any subject for the elimination half-life of fluconazole to change with dose.
Absorption of oral fluconazole. There were no significant differences in bioavailability parameters between the groups. The mean fraction of an oral dose absorbed was essentially 1 (1.1, 1.0, and 0.98 in groups A, B, and C, respectively) ( Table  2 ). The maximum fluconazole concentrations achieved after oral dosing were similar in all three groups (Fig. 2) , and the time to achievement of these peak concentrations did not differ between the groups (median Other pharmacokinetic parameters. The total plasma clearance of fluconazole (absolute clearance, calculated from the intravenous doses) was significantly lower in the group of sub- (Table 2 ). Figure 3 shows the fluconazole clearance in each group (P Ͼ 0.05 for group A versus group B; P Ͻ 0.05 for group A versus group C and for group B versus group C). In the two groups of subjects with HIV infection, there was no correlation between CD4 ϩ T-cell counts and estimated creatinine clearance (r ϭ 0.026; P ϭ 0.941) or between age and fluconazole clearance (r ϭ 0.124; P ϭ 0.717). For all three groups of subjects together, i.e., those with HIV infection and the controls, there was a significant correlation between age and fluconazole clearance (r ϭ 0.58; P ϭ 0.006) but no correlation between fluconazole clearance and estimated creatinine clearance (r ϭ 0.226; P ϭ 0.324).
The volume of distribution of fluconazole was lower in the groups of subjects with HIV infection (Table 2) , even when the results were corrected for weight (P ϭ 0.04). The group of subjects with HIV infection and low CD4 ϩ T-cell counts had the longest elimination half-life of fluconazole (Table 2 ; P Ͼ ϩ T-cell count and the non-HIV-infected control group (P ϭ 0.10) (P Ͻ 0.05 for group A versus group C; P Ͼ 0.05 for group B versus group C and for group A versus group B).
DISCUSSION
The pharmacokinetics of fluconazole were linear in both HIV-infected subjects and controls. Not all subjects received four doses as originally planned. One subject (subject A3) withdrew because of other illnesses, one (subject B9) did not return after the first dose, and one (subject B8) elected to have two doses. The data for the completed doses are included in the analyses.
The bioavailability in all subjects, at all three doses studied, was rapid and complete. There was an unexplained error in the AUC after the 50-mg oral dose for subject C2 (Table 2) . When the dose-normalized AUCs for the 100-and 400-mg oral doses were compared with the dose-normalized AUC after intravenous dosing, absolute bioavailabilities of 1.05 and 1.00, respectively, were obtained.
The null hypothesis of no difference in the pharmacokinetics of fluconazole in people with HIV at two different stages of infection and in noninfected individuals can be rejected. The lower total clearance of fluconazole in volunteers with HIV infection and a low CD4 ϩ T-cell count (Ͻ200 cells per mm 3 ) than in the other volunteers with HIV infection and in the non-HIV-infected subjects, is unlikely to be due to chance (P Ͻ 0.05). The volume of distribution and half-life also differed between the groups of HIV-infected and control subjects.
There were age differences between the people with HIV infection and the noninfected controls. Fluconazole clearance was inversely correlated with age for all of the subjects, although there was no such correlation for just the subjects with HIV infection. The question is whether age is a true confounder (i.e., a de facto measure of CD4 ϩ T-cell count) or whether age per se causes a true difference in fluconazole clearance. A previous paper has reported no effect on half-life attributable to age in a group of subjects over 65 years of age (the mean half-life was reported to be 37 h, which is similar to that for the controls in the present study) (5). The mean age in group A in the present study was 37 years; the mean age in group C was 24 years. It is unlikely that this age difference alone can account for the mean 37% difference in fluconazole clearance between the groups. The mean ages in groups B and C were the same, but there was still a 20% difference in fluconazole clearance between the groups. It is unlikely that age alone was responsible for alterations in fluconazole clearance. Another potential confounding factor is renal function. However, there was no correlation between estimated creatinine clearance and fluconazole clearance in the present study. Other investigators have reported decreased fluconazole clearance in people with impaired renal function (9); however, fluconazole clearances of as low as 0.7 liter/h (similar to that calculated in the present study for group A) have been reported only for groups with creatinine clearances of 2.4 liters/h (18) . This is half of the lowest value estimated in the present study (4.8 liters/h).
In normal volunteers, renal clearance has been estimated to account for between 70 and 80% of total fluconazole clearance (9) . It was unfortunate that in the present study more urine data were not available, as definite conclusions should not be drawn from the small amount of data collected. It appeared that renal clearance of fluconazole accounted for a much lower proportion of total clearance in those with HIV infection and low CD4 ϩ T-cell counts (27%). There were no extra peaks on the chromatograms indicating potential metabolites. Is is possible that in the HIV-infected group secretion of fluconazole is less and/or reabsorption is higher. The Cockcroft-Gault nomogram may be inaccurate as a measure of glomerular filtration rate for people with HIV infection. This is worth further investigation, since this is a common nomogram used to determine the dosage of renally eliminated drugs. Specific effects of the viral infection upon drug disposition processes do not appear to have been studied, although renal pathology has been reported (4) .
One previous study found no differences in fluconazole pharmacokinetics between people with AIDS and historic controls (11) . The clearance values after the intravenous dose, 0.53 to 1.49 liters/h, encompass the values determined in the present study. The mean fraction of an oral tablet dose absorbed was 1.0, which is also in agreement with the data for the capsule reported here.
The findings of another study indicated that fluconazole clearance after a single 100-mg intravenous dose was lower in AIDS patients (CD4 ϩ T-cell counts, 5 to 99/mm 3 ) than in a concurrent control group (mean, 1.02 and 1.38 liters/h, respectively; P Ͻ 0.05) (22) . These estimates are slightly higher than those obtained in the present study, possibly because of different methods of drug and data analysis. Also, the subjects in the previous study were on average 13% lighter than those in the present study. One case study of a patient with AIDS reported a clearance of 0.57 liter/h (6), but this patient had an estimated creatinine clearance of only 3.7 liters/h.
In the present study, subjects with HIV infection were screened carefully. None had diarrhea, were emaciated or underweight, or had abnormal liver function tests. The stringent criteria caused a problem with recruitment (19) . Potential recruits for the group with lower CD4 ϩ T-cell counts were especially likely to be ill, to be taking potentially interacting medications, or to have pathology excluding them from the study. However, the differences in kinetic parameters were large, so that even with the small numbers of subjects available, statistically significant differences were detected.
Subjects with HIV infection were taking a range of other medications (Table 1 ), but only subject B8 was taking a potentially interacting drug (ranitidine, which may affect absorption because of increased gastric pH). However, the bioavailability data for this subject were similar to those for other subjects.
Another study has demonstrated lower clearance of a drug, clindamycin, in patients with AIDS (13) . Clindamycin is eliminated primarily by metabolism, with only 10% excreted unchanged; therefore, no parallels with the findings of this study can be drawn.
A study of folic acid disposition in people with HIV infection suggested that absorption of this compound was impaired (16) . Another possible interpretation of those blood concentrationtime data could be that clearance was altered (increased), although it is not possible to determine this from the oral data presented. 
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In conclusion, the main findings of this study are as follows. (i) The pharmacokinetics of fluconazole are linear over the dosing range of 50 to 400 mg for both intravenous and oral administration. (ii) The absolute bioavailability of the commercially available oral capsule of fluconazole is essentially one in people with and without HIV infection. (iii) The total plasma clearance and volume of distribution of fluconazole were lower in a group of people with HIV infection and low CD4 ϩ T-cell counts than in a group with higher CD4 ϩ T-cell counts and in uninfected subjects.
